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THE  OBJECTIVES  IN  THE  TEACHING  OF  SECONDARY  MATHEMATICS. 

(As  obtained  from  the  analysis  of  current  mathematical  articles.) 

I.  Introduction. 

a.  The  difference  between  the  secondary  schools  today  and 
thirty  years  ago. 

With  tne  increase  in  the  numbers  attending  the  secondary 
schools  in  the  United  States,  the  problem  of  the  content  of  the 
curriculum  has  become  more  acute.  ".The  magnitude  of  the  public 
nigh  school  as  an  institution  is  better  comprenended  by  indicat- 
ing the  growth  that  has  taken  place  during  the  last  thirty 
years.  From  1890  to  1922  the  total  high  school  enrollment  in- 
creased over  six  hundred  oer  cent,  while  the  total  population 
of  the  country  has  increased  seventy-four  per  cent.  During  the 
same  time  public  high  schools  grew  to  four  and  one  half  times 
the  number  in  existence  in  1890.  A more  adequate  grasp  of  the 
last  statement  is  gained  when  it  is  stated  that  this  means  the 
establishment  of  a new  high  school  a day  for  more  than  thirty 
years."  (Secondary  Education  by  Aubrey  A.  Douglass,  published 
by  loughton  Mifflin  Co.  in  1927.)  -"hen  only  a few  pupils 
attended  our  high  scnools  in  comparison  to  the  numbers  attend- 
ing today,  it  was  relatively  simple  to  say  that  all  pupils 
must  take  certain  subjects  such  as  English,  Latin,  Greek, 
history,  and  mathematics.  These  subjects  were  necessary  for 
entrance  to  college.  Therefore,  since  the  majority  of  pupils 
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attending  the  high  schools  intended  to  enter  college,  the 
courses  given  in  the  high  school  contained  nothing  else.  But, 
today  the  situation  is'  entirely  different.  At  the  present  time, 
the  oer  cent  of  oupils  in  the  secondary  schools  preparing  for 
college  is  very  small  in  comparison  with  the  numbers  in  the 
secondary  schools  preparing  for  college  thirty  years  ago.  At 
present  the  per  cent  is  about  twenty-five , thirty  years  ago  it 
was  about  seventy-five.  (Douglass,  page  83)  It  is  only  fair  to 
conclude  that  the  seventy-five  per  cent,  enrolled  in  the  high 
schools  today  who  will  not  attend  college,  should  not  be  required 
to  take  the  same  courses  as  those  w ho  intend  to  continue  their 
education  further.  binCe  they  are  not  going  to  college,  should 
we  say  that  they  should  have  no  mathematics  beyond  arithmetic, 
should  we  require  them  to  take  the  traditional  algebra  and 
geometry,  or  should  we  adjust  the  courses  to  their  needs? 
b.  Fatalities  in  the  study  of  mathematics. 

The  two  following  studies  give  us  an  understand- 
ing of  the  numbers  of  failures  in  high  school  mathematics: 

1.  H.  A.  Smith. 

A Study  of  High  School  Failures  and  Their  Causes. 

( ” Educational  Administration  and  Supervision,”  8:557-71.) 

From  a study  of  462  pupils,  Smith  found  that  the  percentage 
of  failures  in  mathematics  was  14.2  in  the  commerical  course; 

29.6  in  the  modern  language  department;  and  33.6  in  the  classical 
curriculum.  The  mathematics  requirement  for  each  of  these 
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courses  was  one  year  in  the  commerical  course;  two  and  one 
half  years  in  the  modern  language  department;  and  four  years 
in  the  classical  course.  The  failures  in  the  commerical  depart- 
ment for  other  subjects  were  English  31.2,  history  9.6,  Latin 
.5,  French  3.7,  German  9.6,  Science  11,  and  business  11.  The 
failures  in  the  modern  language  curriculum  were  English  22.5, 
history  12.1,  Latin  2.9,  German  1.5,  science  11.2,  and  French, 6. 6. 
The  failures  in  the  classical  course  were  English  21.1,  history  5 
5.5,  Latin  21.1,  French  6.2,  German  4.7,  and  science  7.8. 

2.  F.  P.  O'Brien. 

The  High  School  Failures. 

((Teacher's  College  Columbia,  University  Contributions  to  Education) 

#102,  1919,  97  pp. 

This  was  a study  of  6,141  pupils  from  eight  different 
high  schools  over  a period  of  five  years. 

The  distribution  of  failures  in  reference  to  the  subjects 
in  which  they  occur  was: 


Total 

Math. 

Eng. 

Latin. 

Boys 

2015 

1555 

1523 

Girls 

2300 

1424 

1833 

Per  cent 
of  total. 

24.1 

16.5 

18.7 

These  two  studies  show  that  the  failures  in  mathematics 
Are  greater  than  for  any  other  subject. 

c.  The  problem--should  much  mathematics  be  required? 

The  statistics  given  above  show  that  the  numbers  in 
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the  high  schools  who  intend  to  go  to  college  is  decreasing  and 
that  the  greatest  number  of  failures  in  one  subject  occur  in 
mathematics.  Therefore,  we  must  consider  the  benefits  derived 
from  the  study  of  mathematics  and  weight  these  with  the  dis- 
advantages of  such  study  as  the  probability  of  failure  for 
some,  the  uselessness  for  many  others  in  order  to  discover  what 
courses  should  be  required.  To  determine  what  should  be  done,  we 
must  consider  the  objectives  in  the  teaching  of  secondary  math- 
ematics given  by  educational  leaders, 
d.  Sources  of  material. 

In  order  to  determine  the  educational  objectives 
in  the  teaching  of  secondary  mathematics  today,  it  is  necessary 
to  read  mathematical  articles  written  by  educational  leaders  for 
such  magazines  as  "The  School  Review,"  "School  and  Society,"  "Ed- 
ucation," for  the  years  1918-1930.  The  Report  of  the  National 
Committee  on  Mathematical  Requirements  was  also  read.  No  articles 
that  dealt  with  standard  tests  in  mathematics  were  read. 
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II.  The  Report  of  the  national  Committee  on  the  Reorganization 
of  Mathematics. 

1#  The  National  Committee  on  Mathematical  Requirements  was 
organized  in  the  late  summer  of  1916  under  tne  auspices  of  The 
Mathematical  Association  of  America  for  the  purpose  of  giving 
national  expression  to  tne  movement  for  reform  in  tne  teaching  of 
mathematics,  which  had  gained  headway  in  various  parts  of  the 
country,  but  wnich  lacked  the  power  tnat  coordination  and  united 
effort  alone  would  give.  In  the  spring  of  1919,  however,  and 
again  in  1920,  the  committee  was  fortunate  in  securing  generous 
appropriations  from  the  General  Education  Board  of  New  York  City 
for  the  prosecution  of  its  work. 

A.  Objectives. 

a.  Practical  Aims. 

1.  The  immediate  and  undisputed  utility  of  the  fundamental 
processes  of  arithmetic  in  the  life  of  every  individual  demands 
our  attention.  Accuracy  and  speed  in  numerical  computation  is  of 
such  importance  that  effective  drill  should  be  carried  on  through 
the  secondary  school  period  in  connection  with  numerical  problems 
arising  in  other  work. 

(a)  A progressive  increase  in  pupil's  understanding  of 
the  nature  of  tne  fundamental  operations  and  power  to  apply  them 
in  new  situations. 

(b)  Exercise  of  common  sense  and  judgment  in  computing 
from  approximate  data,  familiarity  with  tne  effect  of  small  errors 
in  measurements. 

(c)  The  development  of  self  reliance  in  the  handling  of 
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numerical  problems  through  the  consistent  use  of  checks  on  all 
numerical  work. 

2.  Of  almost  equal  importance  to  every  educated  person  is 
an  understanding  of  the  language  of  algebra  and  the  ability  to 
use  this  language  intelligently  and  readily  in  the  expression 
of  such  simDle  quantitative  relations  as  occur  in  every  day 
life  and  in  the  normal  reading  of  the  educated  person.  Appre- 
ciation of  the  significance  of  formulas  and  ability  to  work 
out  simple  problems  by  setting  up  and  solving  the  necessary 
equations  must  nowadays  be  included  among  the  minimum  require- 
ments of  any  problem  of  universal  education. 

J 

3.  The  development  of  the  ability  to  understand  and  to  use 
su,ch  elementary  algebraic  methods  involves  a study  of  the  fund- 
amental laws  of  algebra  and  at  least  a certain  minimum  of  drill 
in  algebraic  technique,  which,  when  properly  taught,  will 
furnish  the  foundation  for  an  understanding  of  the  significance 
of  the  processes  of  arithmetic  already  referred  to.  The  essence 
of  algebra  as  distinguished  from  arithmetic  lies  in  the  fact 
that  algebra  concerns  itself  with  the  operations  upon  numbers 

in  general,  while  arithmetic  confines  itself  to  operation  on 
particular  numbers. 

4.  The  ability  to  understand  and  interpret  graphic 
representations  of  various  kinds,  such  as  nowadays  abound  in 
pooular  discussions  of  current  scientific,  social,  industrial, 
and  political  problems,  will  also  be  recognized  as  one  of  the 
necessary  aims  in  the  education  of  every  individual.  This 
applies  to  the  representation  of  statistical  data  which  is 
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becoming  increasingly  important  in  the  consideration  of  our 
daily  problems  as  to  the  representation  and  understanding  of 
various  sorts  of  dependence  of  one  variable  quantity  upon 
another. 

5.  Finally,  among  the  practical  aims  to  be  served  by 
mathematics  should  be  listed  familiarity  with  the  geometric 
forms  common  in  nature,  industry,  and  life;  the  elementary 
properties  and  relations  of  these  forms,  including  their  men- 
suration; the  development  of  space -perception;  and  the  exer- 
cise of  spatial  imagination.  This  involves  acquaintance  with 
such  fundamental  ideas  as  congruence  and  similarity  and  with 
such  fundamental  facts  as  those  concerned  the  sums  of  the 
angles  of  a triangle,  the  Pythagorean  proposition,  and  the 
areas  and  volumes  of  the  common  geometric  forms. 

Among  directly  practical  aims  should  also  be  included  the 
acquistion  of  the  ideas  and  concepts  in  terms  of  which  the 
quantitative  thinking  of  the  world  is  done,  and  of  ability  to 
think  clearly  in  terms  of  those  concepts.  It  seems  more  con- 
venient, however,  to  discuss  this  in  a separate  section,  and 
in  a broad  sense,  the  same  is  true  of  cultural  aims, 
b.  Disciplinary  Aims. 

Training  in  connection  with  certain  attitudes, 
ideas  and  ideals  is  now  almost  universally  admitted  by  psycho- 
logists to  have  general  value.  It  may,  therefore,  be  said 
that,  with  proper  restrictions,  general  mental  discipline  is 
a valid  aim  in  education. 
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1.  The  acquisition,  in  precise  form,  of  those  ideas  or 
concepts  in  terms  of  which  the  quantitative  thinking  of  the 
world  is  done,  is  important.  Among  those  ideas  and  concepts  msy 
be  mentioned  ratio  and  measurement  (lengths,  areas,  volumes, 
weights,  velocities,  and  rates  in  general,  etc.),  proportion- 
ality and  similarity,  positive  and  negative  numbers,  and  the 
dependence  of  one  quantity  upon  another. 

2.  The  develooment  of  the  ability  to  think  clearly  in 
terms  of  such  ideas  and  concents  is  needed.  This  ability  in- 
volves training  in  - 

(a)  Analysis  of  a complex  situation  into  simpler 
parts.  This  includes  the  recognition  of  essential  factors  and 
the  rejection  of  the  irrelevant. 

(b)  The  recognition  of  logical  relations  between 
interdependent  factors  and  the  understanding  and,  if  possible, 
the  expression  of  such  relations  in  precise  form. 

(c)  Generalization;  this  is,  the  discovery  and 
formulation  of  a general  law  and  an  understanding  of  its  prop- 
erties and  applications. 

3.  The  acquisition  of  mental  habits  and  attitudes  which 
y/ill  make  the  above  training  effective  in  the  life  of  the  in- 
dividual. Among  such  habitual  reactions  are  the  following;  a 
seeking  for  relations  and  their  precise  expression;  an  atti- 
tude of  enquiry;  a desire  to  understand,  to  get  to  the  bottom 
of  a situation;  concentration  and  persistence;  a love  for  per- 
cision,  accuracy,  thoroughness,  and  clearness;  and  a distaste 
for  vagueness  and  incompleteness;  a desire  for  orderly  and 
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logical  organization  as  an  aid  to  understanding  and  memory. 

4.  Many  of  these  disciplinary  aims  are  included  in  the 
broad  sense  of  the  idea  of  relationship  or  dependence  - in  what 
the  mathematician  in  his  technical  vocabular:/-  refers  to  as  a 
’’function”  of  one  or  more  variables.  Training  in  ’’functional 
thinking,”  that  is  thinking  in  terms  of  and  about  relationships, 
is  one  of  the  most  fundamental  disciplinary  aims  of  the  teaching 
of  mathematics. 

c.  Cultural  Aims. 

By  cultural  aims  we  mean  those  somewhat  less 
tangible  but  none  the  less  real  and  important  intellectual, 
ethical , esthetic  or  spiritual  aims  that  are  involved  in  the 
development  of  appreciation  and  insight  and  the  formation  of 
ideals  of  perfection.  As  will  be  at  once  apparent,  the  real- 
ization of  some  of  these  aims  must  await  the  latter  stages  of 
instructions,  but  some  of  these  may  and  should  operate  from 
the  beginning. 

1.  Appreciation  of  beautjf  in  the  geometrical  forms  of 
nature,  art,  and  industry. 

2.  Ideals  of  perfection  as  to  logical  structure,  pre- 
cision of  statement  and  of  thought,  logical  reasoning  (as  ex- 
emplified in  the  geometric  demonstration),  discrimination  be- 
tween the  true  and  the  false,  etc. 

3.  Appreciation  of  the  power  of  mathematics  - of  what 
Byron  expressively  called  - ’’the  power  of  thought,  the  magic 
of  the  mind"  - (D.  E.  Smith-Mathematics  in  the  Training  for 
Citizenship-Teacher’s  College  Record,  Vol .18, May, 1917-Page  6) 
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and  tne  role  that  mathematics  and  abstract  thinking,  in  general , 
have  played  in  the  development  of  civilization,  in  particular 
in  science,  in  industry,  and  Philosophy.  In  this  connection 
mention  should  be  given  of  the  religious  effect,  in  the  broad 
sense,  which  the  study  of  the  infinite  and  of  the  permanence 
of  the  laws  of  mathematics  tend  to  establish, 
d.  Conclusion. 

The  primary  purpose  in  the  teaching  of  mathematics 
should  be  to  develop  those  powers  of  understanding  and  of 
analyzing  relations  of  quantity  and  of  space  which  are  necessary 
to  an  insight  into  and  control  over  our  environment  and  to  an 
appreciation  of  the  progress  of  civilization  in  its  various 
aspects,  and  to  develop  those  habits  of  tnought  and  of  action 
which  will  make  these  powers  effective  in  the  life  of  the 
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2.  My  critical  estimate. 

The  Report  of  tne  National  Committee  on  the  Re- 
organization of  Mathematics  represents  serious  thought  and 
consideration  of  the  objectives  in  the  teaching  of  secondary 
mathematics.  Teachers  of  mathematics  throughout  the  country 
contributed  their  ideas  to  this  report.  Surely,  we  cannot  say 
that  it  is  sectional  in  its  views.  The  teachers  of  mathematics 
were  anxious,  as  the  teachers  of  any  other  subject  would  be,  to 
bring  forward  all  the  goods  point  of  their  subject. 

The  fact  that  mathematics,  especially  arithmetic, 
has  practical  value  in  the  life  of  every  individual  makes  The 
National  Committee  very  emphatic  as  to  the  importance  of  teach- 
ing mathematics  because  of  its  practical  value.  Under  the  same 
value,  they  suggest  that  "judgment  in  computing  from  approximate 
data  is  necessary"  Is  it?  Do  many  pupils  actually  need  to  know 
this?  The  requiring  of  checks  is  supposed  to  have  practical 
value  as  it  teaches  self  reliance.  What  experiments  have  been 
done  to  prove  this?  The  Committee  then  stresses  the  importance 
of  algebra  to  educated  individuals.  No  doubt  that  algebra  is  a 
saver  of  time  in  the  solution  of  many  practical  problems  and  that 
it  does  give  pleasure  to  some  individuals,  but  are  these  values 
greater  than  the  values  that  might  be  secured  in  the  study  of 
some  other  subject?  The  value  of  the  knowledge  of  such  "geometric 
forms  as  are  common  in  nature,  industry,  and  life"  are  also 
suggested.  No  doubt  we  should  be  able  to  recognize  the  various 
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common  geometric  shapes  as  square,  triangle,  circle,  cube;  etc., 

r 

but  is  it  necessary  to  spend  much  time  on  this  work  in  the 
secondary  schools? 

The  National  Committee  believes  that  mathematics  has  discip- 

% 

linary  value,  that  such  value  is  recognized  by  psychologists  as 
having  general  value.  They  are  very  certain  that  the  analyzing 
of  problems  in  geometry  will  aid  pupils  in  the  solution  of  their 
problems  that  arise  in  the  lives  of  most  individuals.  Mathematics 
is  supposed  to  train  a pupil  to  "love  accuracy  and  thoroughness." 
Does  mathematics  train  a person  to  be  accurate  in  his  statements 
in  adult  life.  How  has  it  been  proved? 

The  cultural  value  in  the  teaching  of  mathematics  has  been 
emphasized  by  the  National  Committee.  They  are  fair  when  they 
state  that  by  cutural  aims  "we  mean  those  somewhat  less  tangible 
intellectual  and  spiritual  aims  that  are  involved  in  the  formation 
of  ideals  of  perfection."  The  fact  that  the  National  Committee 
believes  that  mathematics  will  develop  "an  appreciation  of  beauty, 
ideals  of  perfection,  and  appreciation  of  the  power  of  mathematics 
in  the  development  of  civilization"  seems  to  me  to  show'  that 
the  National  Committee  was  thinking  of  the  values  that  the  study 
of  mathematics  might  give  some  few  pupils  rather  than  all  pupils. 
Is  mathematics  taught  in  such  a way  that  the  average  pupil  realize 
any  of  its  cultural  values?  Have  we  experimented  to  find  out 
whether  mathematics  has  more  cultural  value  than  other  subjects? 
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Do  many  adults  receive  pleasure  from  the  reading  of  algebra  and 
geometry  in  their  liesure  time? 

From  what  is  given  in  the  Report  of  The  National  Committee, 
we  are  lead  to  believe  that  most  of  the  objectives  given  in  this 
report  are  the  personal  opinions  of  large  groups  of  teachers 
rather  than  the  results  of  carefully  planned  experiments.  Although 
this  report  is  valuable  in  many  ways,  could  it  not  have  been  made 
of  far  greater  value  by  conducting  experiments  to  prove  that 
the  objectives  that  they  gave  would  be  of  use  to  most  pupils? 
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B..  Courses  for  the  Secondary  Schools. 

(Based  upon  the  suggestions  of  the  National  Committee 
on  the  Reorganization  of  Mathematics.) 

1.  Introduction. 

Mathematics  should  be  taught  in  the  secondary  schools 
to  all  pupils.  By  this  statement  is  meant  that  every  pupil 
could  benefit  by  having  mathematics  courses  through  the  ninth 
grade  the  same  for  all.  During  the  tenth,  eleventh,  and  twelfth 
grades,  the  individual  needs  of  each  pupil  should  determine 
whether  he  snould  take'  matnematics  or  not.  If  a pupil  is  neither 
going  to  college  nor  entering  a vocation  which  requires  math- 
ematics, it  might  be  a waste  of  valuable  time  to  require  him 
to  take  mathematics  unless  he  wished  to  himself.  Of  course, 
whether  or  not  a pupil  could  benefit  by  mathematics  beyond  the 
ninth  grade  depends  almost  entirely  upon  the  type  of  courses  he 
has  had  up  until  this  time.  The  type  of  courses  given  in  the 
seventh,  eightn,  and  ninth  grades  should  be  tne  same  whether 
the  pupils  intend  to  take  more  mathematics  or  not.  Since  math- 
ematics should  be  taught  in  the  secondary  schools  for  the 
reasons  given  above,  we  must  next  consider  wiiat  should  be  in- 
clued  in  the  curriculum  in  order  to  have  tnese  aims  brought 
about. 

A.  Mathematics  for  the  seventh,  eightn,  and  ninth  grades. 

At  the  end  of  the  sixth  grade,  tne  pupils  should  have 
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accuracy  and  speed  with  regard  to  the  four  fundamental  operations 
with  integers,  and  with  common  and  decimal  fractions.  During 
the  seventh,  eighth,  and  ninth  years,  the  pupils  should  he  given 
a broad  outlook  over  the  various  fields  of  mathematics  as  is 
possible  in  the  time  alloted.  These  years  should  be  for  test- 
ing of  the  pupils  abilities  and  aptitudes  and  to  secure  infor- 
mation and  experience  which  will  help  them  choose  wisely  their 
later  courses  and  ultimately  their  life  work. 

1.  Arithmetic. 

Of  course,  in  these  grades  the  arithmetic  of  the 
first  six  years  should  be  reviewed.  It  need  not  be  reviewed 
in  the  same  manner  as  it  was  originally  presented,  but  better 
for  it  to  be  drilled  upon  in  connection  with  new  types  of  problems 
that  so  aptly  come  into  the  courses  of  these  years.  If  pupils 
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are  given  pratical  problems  of  affairs  of  the  home,  such  topics 
as  tables  of  weights  and  measures,  simple  fractions,  and  percent- 
age are  introduced.  If  the  puoils  are  asked  to  keep  the  records 
of  some  imaginary  business  concern  for  one  month,  the  following 
topics  could  be  introduced  in  an  interesting  manner:  net  dis- 
count on  bills,  list  price,  selling  price,  per  cent  of  gain  or 
loss  on  the  selling  price  and  on  the  cost,  overhead  expense,  de- 
oreciation,  taxes,  parcel  oost,  savings  accounts,  checks,  notes, 
drafts,  etc.  In  connection  with  the  school  bank,  pupils  could 
be  taught  thrift  and  interest  on  saving  accounts.  If  the 
standing  of  the  various  teams  is  to  be  reoresented  by  the  pupils, 
graphs  could  be  taught  in  order  to  represent  the  known  information. 
Arithmetic  of  investment,  real  estate,  elementary  facts  about 
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stocks  and  bonds,  and  postal  savings  should  also  be  taught. 
Elementary  statistics  might  well  be  introduced  at  this  time. 

2 . Intuitive  geometry. 

In  introducing  intuitive  geometry  into  the  seventh, 
eighth,  and  ninth  grades,  it  gives  pupils  new  material  that  is 
interesting  to  them,  but  at  the  same  time  enables  the  teacher  to 
put  in  much  material  for  drill  work  in  the  four  fundamentals. 
PudHs  should  be  taught  how  to  measure  distance  and  angles  by 
means  of  linear  scale  and  protractor.  They  should  be  made  to 
realize  what  is  meant  by  the  number  of  " significant”  figures. 

The  formulas  for  the  areas  of  the  square,  rectangle,  parallelo- 
gram, triangle,  and  trapezoid;  circumference  and  area  of  a circle 
surfaces  and  volumes  of  solids  should  give  amoly  opportunity  for 
drill  in  addition,  multiplication,  and  division  of  integers, 
fractions,  and  decimals. 

At  this  time,  pupils  like  to  represent  a room,  a 
playground,  or  numerous  other  things  on  paper.  This  gives  the 
teacher  a good  opportunity  to  teach  drawing  to  a scale  and  the 
use  of  squared  paper. 

Simple  geometric  constructions  with  ruler  and 
compasses  such  as  the  perpendicular  bisector,  the  bisector  of 
an  angle,  parallel  lines,  equilateral  triangles,  thirty  degrees, 
sixty  degrees  right  triangle,  the  isosceles  right  triangle,  enabl 
pupils  to  appreciate  geometric  forms  in  nature,  art,  and  industry 
The  learning  of  geometric  facts  as  those  concerning  the  sum  of 
the  angles  of  a triangle,  the  Pythagorean  theorem,  and  similarity 
give  the  pupils  such  a background  of  general  geometric  facts 
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that  they  are  able  to  recognize  that  geometry  is  of  importance 
in  the  progress  of  civilization,  although  they  may  not  wish  to 
continue  the  study  of  geometry  further  for  their  own  particular 
needs . 

3.  Algebra. 

The  first  thing  to  be  taught  in  algebra  is  the 
language  of  algebra- -the  formula.  The  construction,  meaning, 
and  use  of  the  formula  as  a concise  language,  a shorthand  rule 
for  computation,  as  a general  solution  and  as  an  expression  of 
the  dependence  of  one  variable  upon  another  should  prove  of  in- 
terest and  use  to  all  pupils.  Graphs  and  graphic  representations 
in  general  prove  a novel  tonic  for  most  pupils.  Graphs  and  form- 
ulas are  perhaps  the  forms  of  algebra  that  the  ordinary  individual 
meets  with  more  than  any  two  other  topics.  Therefore,  these 
are  important  topics  for  all  to  study. 

Positive  and  negative  numbers  are  used  to  express 
magnitude  and  one  of  two  opposite  directions.  The  graphing  of 
positive  and  negative  numbers  should  be  given.  The  laws  that 
apply  to  the  four  fundamental  operations  on  such  numbers  should 
be  taught. 

The  equation  may  be  considered  as  a special  formula 
for  a particular  problem  or  as  a separate  topic.  Whichever  way 
it  is  introduced,  it  must  require  the  pupil  to  acquire  a certain 
amount  of  algebraic  technique*  The  technique  needed  should  in- 
clude the  fundamental  operations  on  monomials  and  binomials, 
factoring  (common  monomial,  the  difference  of  two  squares,  tri- 
nomials,) fundamental  operation  on  simple  fractions,  simple  ex- 
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oonents,  and  radicals,  square  root  of  a number,  but  not  of  a poly- 
nomial. The  work  on  equations  should  include  linear  equations 
of  one  unknown,  simple  quadratic  equations,  and  simultaneous 
linear  equations  with  two  unknowns.  Many  practical  problems 
should  be  given  to  give  practise  in  solving  equations.  Through- 
out the  work  in  algebra,  emphasis  should  be  placed  upon  checking 
all  examples. 

4.  Numerical  trigonometry. 

The  definitions  of  the  sine,  cosine,  and  tangent 
as  functions  should  be  learnt.  The  use  of  these  functions  in 
the  solution  of  very  simple  problems  should  be  given.  The  tables 
used  in  finding  the  functions  need  have  but  three  or  four  decimal 
Dlac.es . 

5.  Demonstrative  geometry. 

The  demonstrative  geometry  to  be  given  to  the 
ninth  grade  should  include  the  demonstration  of  a limited  num- 
ber of  propositions,  with  no  attempt  to  limit  the  number  of 
fundamental  assumptions.  The  main  aim  of  this  work  is  to  show 
the  puoils  what  n demonstration1’  means. 

6.  History-biography. 

The  history  of  mathematics  in  the  biographies  of 
famous  mathematicians  should  be  given  throughout  the  course  to 
arouse  the  interest  of  the  pupils.  This  may  be  accomplished  by 
informal  talks  by  the  teacher  or  by  occasionally  assigning 
definite  reports  to  a few  pupils. 

7.  Optional  topics. 

The  following  topics  may  be  included  if  the 
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teacher  has  time:  meaning  and  use  of  fractional  exponents,  use 
of  the  slide  rule,  logarithms,  simple  work  in  arithmetic  and  geo- 
metric progressions,  interest  annuities,  falling  bodies,  and  laws 
of  growth. 

8.  Topics  to  be  omitted. 

The  following  topics  should  be  omitted:  the 
excessive  drill  in  algebraic  technique,  highest  common  factor 
and  least  common  multiple,  the  theorems  of  proportionality  re- 
lating to  alternation,  inversion,  composition,  and  division, 
difficult  literal  equations,  complicated  radicals,  square  root 
of  polynomials,  the  theory  of  exponents,  simultaneous  linear 
equations  with  more  than  two  unknown,  the  binomial  theorem,  and 
imaginary  and  complex  numbers. 

B.  Mathematics  for  the  tenth,  eleventh,  and  twelfth  grades. 

Mathematics  in  the  tenth,  eleventh,  and  twelfth  grades 
should  be  elected.  The  courses  offered  should  be  of  diverse  na- 
tures so  that  pupils  may  elect  courses  to  their  needs.  Many 
pupils  will  probably  have  no  further  need  of  mathematics,  but 
the  courses  they  have  had  in  the  seventh,  eighth,  and  ninth  grades 
will  give  them  a sound  background. 

1.  Plane  demonstrative  geometry. 

A course  in  plane  geometry  should  be  offered. 

This  should  have  as  its  purpose  the  development  of  spatial 
imagination  of  the  student  and  the  acquisition  of  certain  basal 
propositions  by  the  student.  Congruent  triangles,  perpendicular 
bisectors,  bisectors  of  angles;  areas,  angles,  chords  of  a circle, 
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parallel  lines,  parallelograms,  sum  of  the  angles  of  a polygon, 
constructions,  originals,  and  drawing  to  a scale,  should  be  in- 
cluded . 

2.  Algebra. 

In  this  course  simple  functions  of  one  variable, 
equations  in  one  unknown,  equations  in  two  or  three  unknowns, 
graohs  of  linear  and  quadratic  equations,'  exponents,  radicals, 
and  logarithms,  the  definition  of  negative,  zero,  and  fractional 
exponents,  arithmetic  and  geometric  progressions,  and  the 
binomial  theorem  should  be  included.  Throughout  the  work  in 
algebra  practical  problems  should  be  given.  All  work  should  be 
checked . 

3.  Solid  Geometry. 

The  work  in  solid  geometry  should  include  numerous 
exercises  in  computations  based  on  the  formulas  established.  This 
helps  to  correlate  the  work  with  algebra  and  geometry.  Other  topics 
to  be  included  are  propositions  relating  to  lines  and  planes, 
dihedrals  and  trihedral  angles;  mensuration  of  prism,  pyramid, 
frustrum,  cylinder,  cone,  the  sphere,  and  the  spherical  triangle; 
and  similar  solids. 

4 • Tr igonome  try • 

The  topics  to  be  given  should  include  the  following; 
logarithms,  solutions  of  right  and  oblique  triangles,  radian 
measure,  graphs  of  trigometric  functions;  the  derivation  of 
fundamental  relations  between  the  functions  and  their  use  in 
proving  identities  and  in  solving  trigonometric  equations,  the 
use  of  the  transit,  sextant,  and  the  slide  rule. 
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5.  Elementary  statistics. 

The  meaning  and  use  of  the  fundamental  concepts 
and  simple  frequency  distributions  with  graphic  representations 
of  various  kinds  and  measures  of  central  tendency  (average, 
mode,  and  median,)  should  be  given. 

6.  Elementary  calculus. 

The  general  notion  of  a derivative  as  a limit 
indispensable  for  the  accurate  explanation  of  such  fundamental 
qualities  as  velocity  of  a moving  body  or  slope  of  a curve; 
the  application  of  a derivative  to  easy  problems  in  rates  and 
maxima  and  minima;  simnle  cases  of  inverse  problems;  approxi- 
mate methods  of  summation;  and  application  of  simple  cases  of 
motion,  area,  volume,  and  pressure  should  be  taught. 

7.  History  and  biography. 

History  and  biography  should  be  included  in- 
formally in  all  courses  of  mathematics  in  order  to  stimulate 
interest . 

8.  Additional  topics. 

The  following  topics  might  also  be  included: 
mathematics  of  investment,  shop  mathematics,  surveying  and 
navigation,  and  descriptive  or  projective  geometry. 
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2.  My  critical  estimate. 

The  National  Committee  believes  that  mathematics 
should  be  required  of  all  pupils  in  the  seventh,  eighth,  and 
ninth  grades  and  that  the  work  given  should  be  the  same  for  all 
pupils  regardless  of  what  course  they  are  taking.  I think  that 
mathematics  should  be  taught  to  all  pupils  through  the  ninth 
grade,  but  that  a distinction  as  to  the  topics  taught  in  the 
various  courses  would  perhaps  be  of  greater  value  to  more  pupils 
than  by  giving  the  same  to  all  pupils.  Of  course,  a review  of 
arithmetic  throughout  these  years  can  be  done  effectively  in 
connection  with  new  topics  as  the  National  Committee  suggests. 

The  Committee  believes  that  intuitive  geometry  is  of  value  to  all 
pupils.  Surely,  we  should  not  object  to  the  training  of  pupils 
in  the  ability  to  recognize  common  forms  and  angles,  and  the 
ability  to  measure  correctly.  Yet,  has  it  been  proved  that  it  is 
necessary  for  most  pupils  to  be  able  to  find  the  area  of  a square 
or  the  volume  of  a cube  in  adult  life? 

Should  simple  algebra  be  taught  to  all?  The  National 
Committee  states  that  it  is  necessary  for  the  understanding  of 
many  articles  in  current  magazines.  Do  man:/  individuals  read  such 
articles?  Simple  numerical  trigonometry  is  also  suggested  by  the 
Committee  as  one  of  the  topics  to  be  included.  Still,  many 
people  wish  us  to  omit  anything  tnat  pertains  to  ratio  and  pro- 
portion, as  the  functions  of  angles  do.  Who  is  right?  We  need 
experimentation  to  prove  which  is  right.  The  National  Committee 
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seems  to  neglect  to  consider  the  special  aptitudes  of  some 
individuals  for  certain  parts  of  mathematics  and  the  great 
disabilities  of  others  . Probably,  mathematics  should  be  taught 
through  tne  ninth  grade  to  all , but  it  seems  to  me  only  fair  to 
conclude  that  the  abilities  and  interests  of  the  pupils  in  each 
section  should  determine  its  content. 

The  National  Committee  believes  that  during  the 
tenth,  eleventh,  and  twelfth  grades  mathematics  should  be  elective. 
I think  that  this  is  a very  good  suggestion.  Not  only  do  they 
suggest  that  it  be  elective,  but  they  suggest  that  a good  variety 
of  courses  should  be  offered  to  suit  the  needs  of  any  pupils  that 
might  be  interested  in  taking  a course  in  mathematics.  These 
suggestions  show  that  mathematics  teachers  are  becoming  more 
liberal  than  formerly  when  they  thought  that  no  one  was  educated 
who  had  not  taken  mathematics  throughout  his  entire  secondary 
course . 

The  National  Committee  has  suggested  the  omission 
of  many  involved  topics  that  have  little  if  any  practical  value. 

I think  that  if  they  had  favored  required  mathematics  throughout 
tne  ninth  grade,  but  courses  to  comply  with  the  needs  of  the 
oupils  rather  than  the  same  for  all  groups,  the  suggested  courses 
would  have  been  more  universally  approved. 
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C.  Criticism. 

(Based  upon  articles  by  Rugg,  Snedden,  Peters,  and 

Morrison.  ) 

The  Report  of  the  National  Committee  on  the  Reorgani- 
zation of  Mathematics  v,ras  the  work  of  thirteen  teachers  of  math- 
ematics. This  report  was  a subjective  judgment,  the  exoert  teach- 
ing opinion.  Perhaps  in  surveying  the  field  of  mathematics  it 
would  have  been  better  to  have  included  at  least  one  or  two  members 
on  the  committee  who  were  not  teachers  of  mathematics  but  rather 
trained  psychologists. 

The  National  Committee  was  well  financed.  In  fact, 

e 

it  was  the  first  time  that  amply  funds  were  available  for  tne 
study  and  improvement  of  school  processes.  Since  this  was  the 
case,  the  National  Committee  did  not  need  to  limit  its  investiga- 
tions because  of  the  lack  of  funds  as  many  earlier  experimentors 
have  been  forced  to  do. 

In  carrying  out  an  investigation  of  tne  type  that 
the  National  Committee  was  trying  to  do--to  improve  the  aims  and 
courses  in  the  teaching  of  mathematics --two  types  of  expert  service 
are  needed.  Te  must  first  have  tne  opinion  of  those  trained  in 
scientific  curriculum  building  and  then  the  opinions  of  the  teach- 
ers of  mathematics  in  colleges  and  secondary  schools  who  know  the 
needs  of  the  classroom. 

The  first  group--the  trained  curriculum  builder--is 
able  to  discover  fundamental  facts,  laws  of  interest,  social  needs, 
and  the  native  capacity  of  the  learners.  Is  it  not  of  importance 
to  know  whether  the  subject  matter  is  of  interest  to  the  learner. 


whether  he  is  going  to  need  such  material  in  his  adult  life,  and 
whether  he  has  the  intelligence  necessary  to  benefit  by  such  in- 
struction? 

The  second  group--the  mathematics  teachers--  is  able 
to  organize  the  specific  facts  and  laws  that  the  curriculum 
builders  have  discovered  by  experimentation  are  necessary  to  all 
individuals.  Then,  these  specific  facts  and  laws  must  be  organized 
into  a procedure  suitable  for  excellent  classroom  instruction. 

This,  in  itself,  is  a tremendous  responsibility. 

In  securing  data  for  its  report,  the  National 
Committee  used  one  kind  of  expert  service--the  second  type.  This 
group  did  organize  the  results  of  its  investigations  into  a pro- 
gram of  grade  and  classroom  instruction  that  advances  very  much  the 
organization  and  the  teaching  of  mathematics.  In  no  subject  pre- 
vious to  this  has  such  a f orv/ard -looking  report  come  from  the  work 
of  a national  committee . It  is  a clear  statement  of  the  extent 
to  which  the  teachers  of  mathematics  can  be  expected  to  put  into 
practice  a reorganized  mathematical  curriculum. 

Curriculum -making  is  rapidly  becoming  a specialized 
and  technical  field  of  work.  To  succeed  one  must  have  a firm 
scientific  knowledge  of  society  and  how  to  study  it;  an  understand- 
ing of  the  facts  and  laws  of  human  behavior;  definite  training  and 
experience  in  the  use  of  the  scientific  tools  of  education--ob ject- 
ive  analysis,  measurements,  statistical  methods  and  the  technique 
of  experimentation.  This  requires  the  reorganizor  of  a curriculum 


to  be  able  to  answer  questions  concerning  the  abilities  and  in- 
terests of  pupils,  what  materials  they  need  to  study  as  prospective 
members  of  society. and  in  what  grades  these  subjects  shall  be 
taught . 

The  National  Committee  considers  such  questions  as 
mentioned  above  in  a very  limited  and  indirect  way.  They  consider- 
ed the  interests  of  high  school  pupils  by  collecting  from  6978 
pupils  answers  to  the  following  questions:  Do  pupils  like  or  dis- 
like mathematics?  why?  Which  high  school  subjects  are  preferred 
by  pupils?  The  Committee  also  used  data  from  a questionnaire  by 
Dr.  A.  R.  Crathorne.  Crathorne  collected  data  from  2000  college 
freshmen  as  to  whether  they  had  then  made  a decision  as  to  what 
their  life  work  was  to  be  and  whether  it  had  changed  since  they 
entered  high  school. 

The  National  Committee  recommends  certain  topics  to 
be  taught  but  does  not  give  us  any  idea  how  they  came  to  such  con- 
clusions. They  have  not  considered  educational  views--that  the 
interests  of  the  child  be  considered;  nor  sociological  views--the 
preparation  of  the  child  for  the  best  interests  of  society  in  the 
courses  they  have  offered.  If  the  National  Committee  had  spent 
more  time  and  money  on  scientific  experimentation  to  try  to  find 
the  best  subject  matter  to  be  included  in  the  curriculum,  they 
could  have  increased  the  value  of  this  Report. 


III.  The  Objectives  of  Mathematics  Teachers 


In  such  magazines  as  "The  Mathematics  Teacher,"  "School 
and  Society,"  "School  Review,"  "Education,"  and  "Educational 
Adminstrat ion  and  Supervision"  for  tne  years  1918-1930,  I read 
the  following  fifty  articles,  which  from  their  titles  seemed 
that  they  might  contribute  something  of  value  to  tne  objectives 
in  the  teaching  of  secondary  mathematics.  Some  of  them  did 
contain  material  that  was  helpful,  others  seemed  incorrectly 
titled  as  they  did  not  contain  anything  of  value  to  the  topic 
that  I was  trying  to  get  information  about.  Since  they  were 
all  read,  I have  included  a brief  summary  of  each  of  these 
articles . 

1.  Charles  W.  Moore. 

On  the  Disciplinary  and  Applied  Values  of  Mathematical  Studies. 
("Education,"  39:209-16,  December,  1918.) 

we  learn  from  logic  that  any  process  of  deductive 
reasoning  can  be  analyzed  into  a series  of  syllogisms;  we  also 
learn  that  there  are  only  a limited  number  of  valid  forms  for 
the  syllogism.  Hence,  after  a person  has  used  all  these  various 
froms  time  and  again  in  his  deductive  reasoning  in  one  field, 
he  will  have  been  trained  in  the  essential  process  of  deductive 
reasoning  in  any  field.  In  no  other  subject,  outside  of  formal 


logic,  does  one  find  deductive  reasoning  so  extensively  used  nor 
in  so  pure  a form  as  in  mathematics.  In  no  other  subject  is  it 
sd  easy  for  a student  to  check  the  validity  of  his  reasoning 
processes.  From  these  considerations,  it  follows  that  the 
study  of  mathematics  is  the  best  available  training  in  deductive 
reasoning.  Geometry  is  important  as  it  is  a subject  whose 
material  was  drawn  from  the  every  day  perceptions  of  any  wide- 
awake child,  developed  from  fundamental  principles  that  are 
easily  comprehended,  in  an  absolutely  rigorous  and  scientific 
manner. 

Mathematics  in  General  Education. 

("School  and  Society,”  9:31—33,  Jan.  4,  1919.) 

Mathematics  is  a subject  which  has  the  best  of  claims 
to  be  included  in  general  education.  It  is  cultural  in  the 
highest  sense,  for  it  has  played  a vital  role  in  the  develop- 
ment of  civilization,  it  has  important  uses  in  many  human  activ- 
ities of  great  moment,  and  its  service  is  always  on  the  increase. 

2.  H.  0.  Barnes. 

Geometry  by  Analysis. 

("School  Review,"  27:612-18,  Oct.,  1919.) 

Geometry  instruction  should  lead  pupils  to  develop, 
each  for  himself,  a large  part  of  the  demonstration  taking  into 
account  individual  differences,  in  order  to  bring  the  pupils 
the  power  to  think  logically,  to  express  thinking  clearly,  and 
to  apoly  this  kind  of  thinking  to  other  work.  If  this  is  done 
by  anaylsis,  the  pupils  become  skilful  in  discerning  new  problems. 


, 


■ 


. 

. 

- 


. 


and  they  carry  this  analysis  into  other  subjects,  making  it 
possible  for  them  to  grasp  the  problem  and  seek  the  premises  for 
its  solution. 

3.  W.  H.  Fletcher. 

Concrete  Geometry  in  the  Junior  High  School. 

("School  Review,”  27:441-57,  Jan.,  1919.) 

Concrete  geometry  gives  pupils  space  relations  by 
means  of  measurement,  construction,  estimating,  designing,  and 
observation.  Thus,  many  of  the  truths  of  geometry  are  learned 
by  doing.  Rugg  and  Clark  ask,  ” Is  there  anything  more  fundament- 
al to  give  a student  in  high  school  mathematics  than  a clear 
grasp  of  the  vital  principle  of  variation,  of  proportionality, 
of  functionality?"  Therefore,  problems  involving  simple 
equations  of  the  proportion  type  should  be  given.  The  apprecia- 
tion of  environment  is  one  of  the  definite  results  of  this 
course,  as  is  shown  by  the  fact  that  my  pupils  say,  "I  see 
geometry  everywhere.”  Plane  geometry  has  no  functional  bearing 
in  the  life  a child,  but  concrete  geometry  gives  the  pupil  an 
appreciation  of  the  broader  concept  of  space  relations. 

4.  K.  P.  Williams. 

Is  Mathematics  Essentially  a Tool? 

("School  and  Society,”  21:203-208,  Feb.  14,  1925.) 

In  college  algebra,  the  student  has  the  opportunity 
to  see  ideas  handled  as  ideas,  and  conceptions  elaborated  and 
developed  with  scrupulous  care.  The  existence  of  so  much  math- 
ematics is  due  to  man's  desire  for  perfection  and  his  love  of 
beauty. 
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5.  George  S.  Painter. 

Mathematics  as  a Study. 

("Educational  Review,”  59:19-40,  Jan.  1920.) 

The  modern  aim  in  the  teaching  of  mathematics  seems  to 
he  to  teach  the  child  what  he  desires,  not  what  science  requires. 
Mathematics  is  a science  in  itself.  It  offers  greater  range  of 
originality  and  creative  device  combined  with  exactness  and 
rigor  of  thinking  than  any  other  subject.  Since  mathematics  is 
a formal  science  and  is  applicable  to  so  many  piienomenal  realms 
that  it,  like  logic  itself,  should  be  mastered  as  the  common 
instrument  of  science.  Mathematics  is  a wonderful  means  of 
mental  discipline--the  greatest  thing  in  all  education  in  the 
mastery  of  the  use  of  our  minds. 

6.  Arretta  L.  Watts. 

Jazzing  Up  Our  Mathematics. 

("Educational  Review,"  76:120-2,  Sept.  1928.) 

The  aim  of  the  modern  teacher  of  mathematics  is  to 
select  the  useful  and  tnose  exercises  that  can  be  done  success- 
fully and  with  reasonable  effort,  thus  stimulating  confidence  in 
the  doer.  In  fact  modern  mathematics  has  become  somewhat  of 
"a  thing  of  beauty."  Compare  the  modern  text  book  in  arithmetic 
with  its  copious  predecessor  with  its  logical  and  symmetrically 
arranged  material  resembling  a law  book  and  which  today  finds 
a place  among  the  other  antiques  and  relics  of  the  past. 
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7.  John  J.  Birch 


("Education,"  46:18-27,  Sept.  1925.) 

"The  number  of  subjects  being  large,  the  correlation 
poor,  the  rate  of  progress  rapid,  and  the  grading  of  the 
learners  on  a questional  basis,  it  is  small  wonder  that  the 
end  results  are  not  always  as  we  would  like  them  to  be.  Sub- 
jects are  forgotten,  but  habits  of  thought,  methods  of  study, 
and  principles  of  thoroughness  live  on.  No  subject  can  establish 
these  better  than  algebra." 

8.  Prof.  Hedrick. 

Mathematics  in  the  High  School. 

("School  Review",  29:641-6,  Nov.  1921.) 

If  we  sweep  aside  some  of  the  outworn  topics  accumulated 
when  discipline  was  considered  to  be  the  entire  purpose  and  aim, 
we  have  to  substitute  something  of  the  real  life  of  mathematics, 
some  of  the  ways  in  which  people  actually  use  it.  Mathematics 
courses  should  give  training  in  thinking,  if  they  do,  they  will 
be  worthy  of  recognition  by  real  educators  and  of  retention  in 
the  curricula. 

9.  B.  H.  Bode. 

Educational  Aims  and  Scientific  Method. 

("School  and  Society,"  11:38-44,  Jan.  10,  1920.) 

There  are  three  steps  in  scientific  method  curriculum- 
making---the  aim  is  determined,  the  subject  matter  which  will 
fulfil  the  aim  is  selected,  and  it  is  arranged  in  the  order 
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best  suited  for  the  child.  The  relation  between  "good  citizen- 
ship" and  mathematics  is  obscure  until  we  realize  that  a good 
citizen  must  earn  a living  and  this  involves  a certain  amount 
of  mathematics. 

10.  Florian  Cajori. 

Greek  Philosophers  on  the  Disciplinary  Value  of  Mathematics* 
?The  Mathematics  Teacher,"  December  1920,  pages  57-62.) 

Plato  in  his  Republic  VII  526  B.  C.  wrote--" those 
who  have  a natural  talent  for  calculation  are  generally  quick 
at  every  kind  of  knowledge,  and  even  the  dull,  if  they  have  had 
an  arithmetic  training,  although  they  may  derive  no  other  advantage 
from  it,  always  become  much  quicker  than  they  would  have  been 
otherwise."  Plato  has  the  following  inscription  over  his 
Academy  at  Athens--" Let  no  one  who  is  unacquainted  with 
geometry  enter  here."  Aristotle  wrote--"Mathematics  makes 
mainfest  order  and  symmetry." 

11.  M.  Gabriel  Kane. 

The  Cultural  Value  of  Mathematics. 

("The  Mathematics  Teacher,"  April  1922,  pages  228-257.) 

"The  intellect  never  slumbers,  but  it  is  ever  searching 
for  knowledge  and  truth.  Truth  is  mighty  and  must  pervail." 
Mathematics  is  a science  dealing  with  absolute  truth. 

"For  the  dreamer  lives  on  forever 
But  the  toiler  dies  in  a day." 
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12.  John  H.  Minnick 


The  Cultural  Value  of  Secondary  Mathematics. 
(“The  Mathematics  Teacher,”  Jan.,  1923,  pages  35-40.) 

In  the  first  place,  mathematics  is  a great  body  of 
truth  which  has  played  an  important  part  in  the  development  of 
civilization.  Mathematics  is  important,  not  because  it  is  a 
great  piece  of  logically  organized  truth  but  because  it  is  a 
piece  of  truth  upon  which  the  development  of  civilization  has 
at  all  times  been  dependent.  Man's  curiosity  is  still  driving 
him  on  to  the  discovery  of  the  hidden  facts  of  nature.  It  is 
impossible  to  solve  the  problems  of  nature  without  extensive 
knowledge  of  mathematics.  In  like  manner,  the  physical  com- 
fort and  the  social  relations  of  man  are  dependent  upon  math- 
ematics. Without  this  subject,  it  is  impossible  for  man  to 
lay  hold  of  his  natural  environment  and  adapt  it  to  his  use. 

Dr.  E.  L.  Thorndike  says,  "we  should  not  justify 
a subject  on  the  basis  of  formal  discipline,  but  having 
justified  the  subject  on  some  other  basis,  we  should  get  all 
the  discipline  from  it  that  is  possible." 

13.  A.  S.  Adams. 

Civic  Value  in  the  Study  of  Mathematics. 
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("The  Mathematics  Teacher",  Jan.  1928,  pages  37-41.) 

The  preparation  of  the  individual  as  a prospective 
citizen  and  cooperating  member  of  society;  i,  e.,  the  social- 
civic  aim.  This  is  done  by  mathematics  by  fostering  good 
mental  habits  as  neatness,  orderliness,  accuracy,  persistence, 
and  attention. 

The  preparation  of  the  individual  as  a prospective 
worker  and  producer;  i.  e.,  the  economic-vocational  aim.  This 
is  a result  of  the  use  of  mathematics  in  occupations  and  the 
development  of  the  sciences. 

The  preparation  of  the  individual  for  those  activities 
which  while  primarily  involving  individual  action,  the  utili- 
zation of  leisure,  and  the  devolopment  of  personality,  are  of 
great  importance  to  society;  i.  e.,  the  individualistic-avocation- 
al  aim.  . in  that  mathematics  gives  an  appreciation  of  beauty, 
this  individualistic-avocational  aim  is  realized.  "The  know- 
ledge that  all  religious  and  mathematical  life  springs  from 
the  same  fountainhead  should  illuminate  one  in  the  contempla- 
tion of  the  vastness  and  permanence  of  the  universe." 

14.  Gertrude  E.  Allen. 

Objectives  of  the  Teaching  Mathematics  in  Secondary  School. 

"The  Mathematics  Teacher,"  Feb.,  1923,  pages  65-77. 

The  specific  aims  of  the  teaching  of  mathematics  in 
Junior  High  School  are;  first,  to  give  instruction  and  train- 
ing in  mathematics  useful  to  the  average  intelligent  citizen; 
second,  to  disclose  mathematical  ability  or  disability  so 
that  pupils  may  be  guided  in  the  choice  of  later  work. 
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The  specific  aim  in  the  Senior  High  School  is  to  train 
those  who  will  have  some  need  for  technical  mathematics. 

15.  F.  R.  Willard. 

The  Objectives  of  Education  as  a Basis  for  Curriculum-Making  in 
High  Schools. 

(’’School  and  Society,”  10:9-12,  July  5,  1919.) 

The  makers  of  the  new  curriculum  must  put  behind  them 
the  doctrine  of  formal  or  general  discipline,  with  its  assump- 
tion that  human  nature  is  fundamentally  preverse  and  that  if  it 
is  ever  to  be  positive  and  strong  it  must  be  through  struggle. 

They  must  pay  more  attention  to  the  doctrine  of  natural  interests, 
providing  more  or  less  unrestricted  freedom  of  choice.  In  a 
word,  we  must  not  base  our  curriculum  on  prejudice,  but  on 
current  standards  formed  through  the  accumulation  of  scientific 
evidence  on  what  will  most  likely  prove  serviceable  to  the 
youth,  to  a greater  or  less  extent  in  his  younger  days,  as  well 
as  rather  completely  in  latter  life.  We  study  mathematics 
without  learning  how  to  analyze,  construct  and  reason.  Today 
of  all  days  we  must  work  into  our  curriculums  much  more  that 
has  a bearing  on  living  experience.  This  means  that  the  noint 
of  view  in  curriculum -making  must  change.  By  doing  so,  we  shall 
one  and  the  same  time  be  training  the  youth  not  only  to  live  but 
to  make  a living. 

16.  Arnold  Dresden. 

Why  Study  Mathematics? 

(’’School  and  Society,”  12:390-5,  Oct.  30,  1920.) 

There  is  nothing  universally  useful  and  there  is 
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nothing  that  is  not  practical  toward  some  end.  The  question 
whether  a particular  subject  in  our  curriculum  is  practical  de- 
pends for  its  answer  therefore,  upon  the  aim  we  are  setting  for 
our  education,  whether  we  want  it  to  lead,  whether  to  a larger 
bank  account  primarily,  or  to  a larger  understanding  of  the 
universe,  or  to  some  other  condition  useful  to  humanity. 

Mathematics  has  the  power  to  abstract  out  of  a mass  of 
apparently  diverse  facts  the  essential  kernel,  which  is  deter- 
mined by  their  common  qualities,  that  the  power  to  separate,  in 
that  sense,  the  significant  from  the  accidental  qualities,  the 
permanent  from  the  epheral , the  universal  from  the  particular, 
and  furthermore  the  power  to  apply  abstract  general  principles 
to  definite  concrete  situations  are  attributes  exceedingly 
valuable  to  any  man  at  any  time.  But  what  is  more  the  reorienta- 
tion of  the  subject  makes  possible,  yes,  it  demands  a closer  ad- 
herence to  concreteness,  a more  organic  relation  to  the  pupil’s 
experience  than  the  subject  now  possesses. 

17.  Ernest  A.  Lytle. 

The  Bode  Theory  of  Transfer  Applied  to  the  Teaching  of  Mathematics. 
(’’School  and  Society,”  11:457-462,  April  17,  1920.) 

All  educators  agree  that  real  power  in  reflective  think- 
ing is  a most  desirable  and  valuable  outcome  of  education.  But 
on  the  possibility  and  the  best  methods  of  developing  power  in 
reflective  thinking,  there  seems  to  be  a difference  of  opinion. 

Too  many  have  to  note  that  physchologists  today  believe  ( Rogers > 
"Mathematics  Teacher,  Dec.  1916.)  in  the  possibility  of  transfer 
and  differ  only  concerning  the  amount  and  methods  of  transfer. 


4 


« 


. 


. 


- 

. 


■ 


According  to  the  Bode  theory,  transfer  of  training  is  simoly 
" the  extension  or  application  of  meanings  to  new  problems  and 
nev/  situations,"  ("Educational  Administration  and  Supervision," 
March  1917,  page  107.)  while  "meaning  is  anything  that  is  sug- 
gested, pointed  to,  or  indicated  by  something  else."  Thinking 
in  any  field  barren  of  meaning  is  impossible.  Attention  is 
called  to  the  unusual  qualities  of  mathematics  as  a subject  in 
which  to  develop  concepts  of  precise  thinking.  In  mathematics, 
there  is  less  necessity  to  resort  to  authority,  for  students  may 
themselves  test-out  their  suggestions,  and  there  is  very  little 
disagreement  in  the  final  result. 

18.  Theodore  Lindquist. 

Mathematics  the  Project  Instrument. 

("School  and  Society,"  17:343-8,  March  31,  1923.) 

Mathematics  is  one  of  the  most  useful,  as  well  as  one 
of  the  most  used  project  instrments.  It  arises  in  all  measure- 
ments. In  order  to  carry  out  a program  of  the  application  of 
mathematics  in  our  projects,  we  must  recognize  the  necessity  of 
teaching  mathematics  that  is  serviceable  to  such  applications 
and  the  teaching  of  it  in  such  a manner  as  to  make  it  applicable. 

19.  David  Snedden. 

Mathematics  and  the  Need  of  the  Hour. 

("School  and  Society,"  8:714,  Dec.  14,  1918.) 

"As  in  so  many  direction,  I think,  the  war  has 
helped  us  to  see  the  light  as  regards  mathematics.  Higher 
mathematics  is  an  indispensable  tool  for  some  (but  only  for 
some)  vocations  --  the  continuous  vocation  of  earning  a 
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livelihood,  or  the  occasional  vocations  of  actively  defending 
the  flag.” 

20.  B.  M.  Steigman. 

Teaching  No  Matter  What. 

( ” Educational  Review,”  73;226-8,  April  1927.) 

Ask  our  educators  point-blank  why  algebra  and  geometry  are 
taught  at  all  in  high  schools,  and  they  will  talk  about  excell- 
ent disciplinary  value  and  practice  in  precise  thinking  and 
sound  reasoning.  Ask  them  if,  then,  they  believe  in  the  old 
theory  of  formal  discipline  and  they  will  deny  it.  Pursue 
your  inquiry  and  you  will  be  told  that  mathematics  prepares  for 
some  of  the  professions.  Possibly,  you  wonder,  by  way  of  an 
answer,  why  all  our  students  should  be  afflicted  with  a subject 
when  only  a few  will  use  it.  Whereupon  you  are  informed  that 
it  is  a good  thing  for  our  pampered  and  shiftless  youth  to  taste 
really  hard  work. 

21  J.  C.  Brown. 

The  Geometry  of  the  Junior  High  School, 

("The  Mathematics  Teacher,”  Feb.  1921,  pages  64-65.) 

A subject  which  is  related  so  intimately  to  the  needs  and 
interests  of  mankind  as  mathematics  must  be  given  a prominent 
place  in  the  curriculum  of  the  Junior  High  School.  The  subject 
may  be  taught  as  to  emphasize  its  application  to  the  everyday 
problems  of  life  outside  the  school  and,  when  so  taught,  it 
loses  none  of  the  charm  ?/hich  has  attracted  to  it  the  best  minds 
of  the  ages.  The  more  firmly  "The  roots  are  imbedded  in  the  soil 
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of  reality"  the  stronger  and  more  should  he  the  appeal. 

22.  David  E.  Smith. 

What  Is  to  Be  the  Outcome? 

^"The  Mathematics  Teacher,"  Dec.  1916,  pages  77-79.) 

(1)  It  is  likely  in  a few  years  that  pupils  will  be 
admitted  to  college  without  mathematics. 

(2)  The  attack  upon  mathematics  has  been  of  two  natures: 

(a)  by  educators  whose  powers  of  speaking  and  writing  have 
lead  them  to  court  applause  by  cleverness  of  statement. 

(b)  by  serious  scholars  who  try  to  suggest  remedies. 

(3)  The  divergent  results  of  the  investigators  do  not 
prove  that  mathematics  has  no  disciplinary  value. 

(4)  Secondary  mathematics  will  continue  to  be  taught 
for  a long  time  to  come. 

23.  G.  V.  Price. 

The  High  School  Mathematical  Requirement. 

("Education,"  42:488-91,  April  1921.) 

The  author  believes  that  we  should  not  require  plane 
geometry  in  high  school  unless  we  can  give  clear  and  convincing 
reasons  for  making  it  an  universal  requirement. 

24.  Henry  Harap. 

Mathematics  for  the  Consumer. 

("Educational  Review,"  74:162-7,  October  1927.) 

The  author  urges  mathematics  teachers  to  make  a 
rigorous  study  of  the  actual  needs  of  the  people  in  order  to 
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determine  what  improvement  can  be  made  in  their  lives  through 
this  subject.  Therefore,  arithmetic  of  the  home  vs.  pure 
mathematics  (algebra  and  geometry). 

25.  M.  F.  Beeson. 

The  Curriculum  Advocated  by  H.  G.  Wells. 

("School  and  Society,"  12:288-89,  Oct.  2,  1920.) 

Basis  for  the  curriculum  should  be  biology  and 
history,  the  former  to  teach  the  story  of  the  ascent  of  man; 
the  latter  to  teach  man' s work  upon  the  earth. 

26.  Wilbur  A.  Co it. 

A Preliminary  Study  of  Mathematical  Difficulties. 
("School  Review,"  36:504-9,  September  1928.) 

There  are  difficulties  in  mathematics  consisting 
of  fundamental  concepts  and  skills.  These  difficulties  persist 
through  higher  levels.  They  should  be  isolated  and  mastery 
attempted.  Methods  of  mastery  must  be  found.  In  this  stud/, 
drill  seemed  to  be  effective. 

27.  Elizabeth  B.  Cowley. 

The  High  School  Boy  and  His  Geometry  Textbook. 
("Educational  Review,"  74:272-4,  December  1927.) 

A good  text  is  an  aid  to  any  teacher.  In  securing 
a text  one  must  consider: 

1.  Vocabulary. 

2.  Simple  problems  that  pupils  can  do. 

3.  Size  of  textbook. 

4.  Order  of  presentation  of  theorems. 

5.  Method  of  giving  proofs. 
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28.  Nevin  M.  Fenneman 


The  Case  for  Latin. 

(’’School  and  Society,"  22:639-44,  November  21,  1925.) 

Latin  and  Mathematics  are  both  logically  organized 
subjects*  Because  this  is  true  gives  us  no  good  reason  to 
teach  Latin  and  mathematics  if  they  are  not  suited  to  the 
needs  of  the  pupils.  The  solution  of  the  teaching  problem 
is  to  be  found  in  the  better  teaching  of  other  subjects. 

29.  Robert  R.  Goff. 

Teaching  Mathematics  in  High  Schools, 

("Education,"  43:411-15,  March  1923.) 

A good  student  does  three  things  in  studying: 
first,  he  searches  out  and  writes  down  the  important  facts 
and  principles;  second,  he  classifies  and  arranges  this 
material;  and  third,  he  summarizes  this  material.  Te  should 
help  all  pupils  to  do  this  by  organized  note-books,  frequent 
drills,  and  summaries, 

30.  Carolyn  Hoefer. 

Reviews  in  the  Seventh  and  Eighth  Grades. 

("Elementary  School  Journal,"  19:545-53,  March  1919.) 

There  is  much  repetition  in  the  seventh  and  eighth 
grades  at  present.  Reorganization  of  the  mathematics  course 
would  do  away  with  this. 

31.  Louis  C.  Karpinski. 

The  Teaching  of  Junior  High  Mathematics. 

("School  and  Society,"  27:300-2,  March  10,  1928.) 

A criticism  of  the  textbook,  "The  Teaching  of  Junior 
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High  School  Mathematics  ,"  - D.  E.  Smith  and  W.  D.  Reeve. 

The  book  is  poor  because  the  authors  have  had 
no  practical  experience  teaching  elementary  mathematics  for 
many  years. 

32.  Truman  L.  Kelley. 

Elementary  Statistics  in  High  School  Mathematics  as 
a Socializing  Agency. 

("School  and  Society,”  11:228-30,  February  21,  1930.) 

Of  fundamental  importance  for  the  sake  of  a sound 
conception  of  life  is  the  knowledge  that  not  only  are  all 
group  phenonena  amenable  to  statistical  treatment,  but  that 
only  in  such  treatment  do  the  true  tendencies,  of  which  they 
are  the  expression,  show  themselves.  The  basic  ideas  of 
statistics  are  entirely  comprehensible  by  high  school  students. 
They  are  norm,  average,  summation  idea,  difference  idea, 
relative  idea,  and  the  correlation  idea, 

33.  Alexander  Me  Adie. 

Pi(e)  for  Donkeys. 

("School  and  Society,”  25:111-112,  January  22,  1927.) 

A brief  discussion  of  the  meaning  of  the  Greek 
letter  pi.  The  ratio  of  the  circumference  of  any  circle 
to  its  diameter  is  called  pi. 

34.  Helen  A.  Merrill. 

Why  Students  Fail  in  Mathematics. 

("The  Mathematics  Teacher,"  January  1923,  pages  35-46.) 

Failures  in  mathematics  might  be  placed  under  four 
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topics:  subject,  a difficult  one;  parents  and  friends,  label 
this  subject  as  hard;  teachers,  often  incompetent;  and  students 
themselves,  lack  of  ability  and  training, 

35.  Winona  Perry, 

What  Are  the  Real  Values  of  Geometry? 

("The  Mathematics  Teacher,"  January  1928,  pages  51-54.) 

Information  concerning  geometric  facts,  abilities 
to  check  the  correctness  of  statements  and  to  draw  their  own 
conclusions  and  verify  them  in  problem  situations  confronting 
them  are  the  real  values  of  geometry. 

36.  S.  R.  Powers, 

Intelligence  as  a Factor  in  the  Election  of  High  School 
Subjects , 

("School  Review,"  30:  452-55,  January  1922,) 

The  traditions  of  certain  subjects  make  them  popular 
with  students  of  one  intelligence  level  and  unpapular  with  those 
of  another  level.  From  the  records,  it  appears  that  students 
possessing  superior  intelligence  are  attracted  to  those  subjects 
which  make  the  largest  intellectual  demands,  while  students  of 
inferior  intelligence  are  attracted  to  those  subjects  which 
make  larger  demands  on  manual  dexterity, 

37.  William  M.  Proctor. 

Curriculum  Revision  and  College  Entrance  Requirements, 
("School  Review,"  35:411-16,  June  1927.) 

The  Policy  of  Stanford  University. 

1.  Two  units  of  English,  and  thirteen  units  of  anything 
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2.  Selection  on  a competitive  basis. 

3.  Any  graduate  of  senior  high  may  be  admitted 
on  the  basis  of  twelve  units  during  tenth,  eleventh,  and 
twelfth  years  and  if  he  got  average  mark  of  "B"  in  ninth 
grade  he  is  given  three  more  units. 

38.  William  D.  Reeve. 

The  Case  for  General  Mathematics. 

(’’The  Mathematics  Teacher,”  November  1922  pages  381-91.) 

The  author  believes  that  a great  deal  of  Euclidean 
geometry  can  be  proved  by  simple  algebra  if  we  permit  the 
unification  of  the  two  subjects.  The  organizing  and  unifying 
principle  in  the  author's  school  is  the  idea  of  the  functional 
relation  - the  dependence  of  one  quantity  upon  another* 

39.  Peter  L.  Spencer. 

Diagnosing  Cases  of  Failure  in  Algebra. 

("School  Review,"  34:372-6,  May  1928.) 

The  cause  of  failure  is  not  the  same  for  each  pupil. 
The  diagnosis  of  failure  is  possible  and  in  many  instances 
easily  attainable.  Teachers  should  develop  a technique  for 
diagnosis  of  failure. 

40.  Paul  C.  Stetson. 

Homogeneous  Grouping  in  the  First  Year  of  a Five 
Year  High  School . 

("School  Review,"  29,  331-65,  May  1925.) 

The  author  experimented  in  his  schools  in  Muskegon, 
Michigan  with  ability  grouping.  He  had  three  types  of  divisions 
"poor,"  "medium,"  and  "good."  The  author  draws  no  conclusion 
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but  states  that  interest  in  classes  has  been  increased. 

41.  Edward  L.  Thorndike. 

The  Abilities  Involved  in  Algebraic  Computation  and 
Problem  Solving. 

(” School  and  Society,”  15:191-3,  February  18,  1922.) 

From  the  results  of  tests,  it  has  been  found  that 
algebraic  computation  as  actually  found  is  an  intellectual 
ability,  not  merely  a mechanical  routine. 

42.  0.  A.  Wood. 

A Failure  Class  in  Algebra. 

(” School  Review,”  28:41-49,  January  1920.) 

A class  of  twenty-three  repeaters  in  algebra  were 
given  several  intelligence  tests.  The  correlation  between 
grades  and  intelligence  showed  that  the  class  was  subnormal 
in  algebraic  ability. 

43.  Franklin  Bobbitt. 

A Significant  Tendency  in  Curriculum  Making. 
("Elementary  School  Journal,”  21:507-15,  April  1921.) 

Objectives  in  curriculum  making  should  be  definite. 
The  curriculum  is  now  often  defined  as  "a  series  of  living 
experiences”  on  the  part  of  children  which  look  toward 
developing  within  them  the  specific  qualities  and  abilities. 
This  plan  tends  toward  the  elimination  of  the  uniform  course 
of  study.  Curriculum-formulation  is  found  to  be  intimately 
knit  up  with  every  problem  involved  in  the  organization, 
administration,  and  management  of  the  pupil  population. 
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44.  George  W.  Evans. 

The  Reconstruction  of  the  Mathematical  Requirement. 

(’’The  Mathematics  Teacher,”  September  1918,  pages  26-33, 

Whitehead  - ” the  pupil3  have  got  to  be  made  feel 
that  they  are  studying  something  not  merely  executing 
intellectual  minuets.'' 

We  have  four  topics  which  we  may  use  in  unifying  the 
general  course  in  mathematics : approximate  computation,  the 
equation  as  a means  of  solving  problems,  congruence  and 
similarity. 

45.  Nellie  Ingels, 

A Statistical  Study  in  Correlation  of  Efficiency  in 
Secondary  Mathematics  and  Efficiency  in  Other  High  School  Subjects. 
(’’Mathematics  Teacher,”  June  1919,  pages  172-176.) 

A high  degree  of  correlation  in  efficiency  of  study 
of  mathematics  and  other  secondary  subjects  was  found  from  this 
study. 

46.  Helen  Howard. 

Cultural  Value  of  Mathematics. 

(’’The  Mathematics  Teacher,”  March  1923,  pages  150-156.) 

The  author  believes  that  people  should  study  mathe- 
matics for  its  cultural  value.  She  states  that  Plato  called 
the  science  of  mathematics  ’’divine,”  Goethe  called  it  "an  organ 
of  the  inner  high  sense,”  Novalis  called  it  ’’the  life  of  the 
gods,”  and  Sylvester  called  it  ’’the  music  of  reason.” 

47.  Rev.  V.  J.  Ryan. 

Values  in  High  School  Mathematics. 
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("The  Mathematics  Teacher,”  April  1921,  pages  194-199.) 

Algebra  and  geometry  have  disciplinary,  informa- 
tional, and  cultural  value,  but  more  cultural  than  anything 
else.  Since  modern  pedagogy  believes  that  the  prime  purpose 
of  the  high  school  is  to  give  culture,  it  seems  that  mathe- 
matics should  be  required  of  all  pupils. 

48.  Dr.  W.  J.  Osburn. 

Ten  Reasons  Why  Pupils  Fail  in  Mathematics. 

(”The  Mathematics  Teacher,”  April  1925,  pages  234-238.) 

The  ten  types  of  supplementary  work  in  the  teaching 
of  algebra  is  badly  needed.  They  are  as  follows: 

1.  Exercises  in  vocabulary. 

2.  Exercises  to  develop  the  meaning  of  symbols. 

3.  Training  in  silent  reading. 

4.  Training  in  the  use  of  inverse  relations. 

5.  Training  to  prevent  harmful  transfer. 

6.  Drill  in  horizontal  addition  and  subtraction. 

7.  Training  in  reading  between  the  lines. 

8.  Help  for  the  pupil  when  conditions  seem 
contradictory. 

9.  Training  pupils  to  generalize. 

10.  Proportion. 

49.  Walter  F.  Downey. 

The  New  Mathematics  as  a Part  of  the  New  Education, 
"Its  Nature  and  Function.” 

("The  Mathematics  Teacher,"  April  1928,  pages  239-243.) 

Our  present  program  definitely  calls  for  the 
adaptation  of  the  subject  to  the  pupils.  It  Is  very 
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significant  that  the  needs  of  all  children  are  now  of  real 
concern  in  the  field  of  secondary  mathematics. 

The  process  of  education  by  self-activity  requires 
three  conditions  to  operate  effectively: 

1.  That  the  pupils  should  be  given  the  opportunity  to 
be  problem  finders  as  well  as  solvers. 

2.  That  whatever  activity  is  undertaken  it  should 
be  worth  mastery  one  hundred  per  cent. 

3.  That  before  considering  any  problem  as  completed, 
the  pupil  should  feel  sure  in  his  own  mind  through  the  use  of 
checks  that  his  work  is  correct. 

50.  0.  H.  Bigelow. 

The  Formula  in  Secondary  Education. 
t1** The  Mathematics  Teacher,”  December  1928,  pages  442-53.) 

The  essentials  of  a course  in  algebra  can  be  summed 
up  as  follows:  The  use  of  the  formula  as  a means  of  making  and 
expressing  arithmetical  generalizations,  and  of  describing  the 
quantitative  realities  which  characterize  physical,  social,  and 
other  phenomena;  The  making  of  formulas  including  practice  in 
the  simplest  forms  of  algebrain  symbolism;  The  interpretation 
of  formulas  and  the  determination  of  particular  results  by 
substitution  of  values.  Later  on  manipulation  of  formulas  in 
order  to  bring  out  the  further  relations  which  a given  general- 
ization may  imply;  The  application  of  these  processes  to  the 
solution  of  problems  of  real  interest  and  practical  importance. 
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B.  Criticism 


1.  Introduction. 

Although  the  objectives  in  the  teaching  of  secondary 
mathematics  seemed  to  be  a vital  question  during  the  years  1918- 
1950,  many  of  the  mathematical  articles  that  I reviewed  did  not 
deal  with  this  subject  at  all.  From  these  articles,  I found  that 
twenty-one  mentioned  practical  value,  eleven  mentioned  disciplin- 
ary value,  eight  mentioned  cultural  value,  and  two  mentioned  civic 
value.  Nineteen  of  these  articles  did  not  mention  the  objectives 
in  the  teaching  of  secondary  mathematics  at  all. 

2.  Practical  value. 

Moore, 34  (these  numbers  refer  to  the  number  of  the 
article  as  listed  in  the  bibliography.);  Fletcher,  19;  Painter,  38 
Watts,  54;  Hedrick,  22;  Bode,  8;  Allen,  1;  Willard,  55;  Dresden, 
16;  Lindquist,  29;  Snedden,  48;  Brown,  10;  Harap,  21;  Kelley,  29; 
Perry,  39;  Reeve,  44;  Thorndike,  53;  Bobbitt,  9;  Evans,  17;  Ryan, 
47;  and  Downey,  15  state  that  the  practical  value  of  mathematics 
should  be  included  as  one  of  tne  objectives  in  the  teaching  of 
secondary  mathematics.  Each  of  these  writers  suggest  in  one  way 
or  another  that  mathematics  does  enter  into  the  everyday  life  of 
every  individual;  yet,  not  one  of  them  states  just  how  much  math- 
ematics is  used  by  the  average  citizen  nor  in  what  way  such  math- 
ematics is  used.  We  are  not  informed  whether  mathematics  enters 
into  the  life  of  each  individual  in  the  same  way  or  not.  Would 
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we  not  be  more  satisfied  with  such  articles  if  the  statements 
made  by  these  writers  were  the  results  of  scientific  experiments? 

Moore,  34;  Watts,  54;  Hedrick,  22;  Bode,  8;  Allen,  2; 
Brown,  10;  Evans,  17;  and  Ryan,  47  believe  that  the  mathematics 
that  is  taught  in  the  schools  should  have  practical  value-items 
that  will  be  used  in  useful  occupations  of  adult  life.  These 
writers  do  not  state  what  practical  mathematics  is  nor  how  it  is 
to  be  obtained.  Some  investigations  have  been  made  to  discover 
the  uses  of  mathematics  in  the  everyday  life  of  individuals  which 
the  above  educators  might  have  used  to  give  definite  processes  of 
mathematics  which  are  of  use  to  most  individuals.  It  seems  that 
these  educators  are  making  suggestions  based  upon  personal  opinions 
rather  than  conclusions  based  upon  scientific  experimentation. 

Perry,  39  believes  that  the  facts  of  geometry  are 
useful  to  many.  Reeve,  44  states  that  the  functional  relation  of 
algebra  and  geometry  are  of  value  to  all.  Fletcher,  19  thinks 
that  concrete  geometry  functions  in  the  life  of  a child.  It  seems 
to  me  that  one  is  not  being  unjust  to  ask  these  educators  whether 
or  not  they  have  performed  any  experiments  that  give  such  results? 

Painter,  3$;  Dresden,  16;  Bobbitt,  9;  and  Downey,  15 
believe  that  the  mathematics  taught  in  our  schools  should  be  based 
upon  pupil’s  experiences.  These  educators  do  not  tell  us  what 
these  experiences  are  nor  suggest  any  method  of  obtaining  them. 
Surely,  these  educators  had  actual  experiences  in  mind  when  they 
wrote  these  articles , but , why  did  they  not  write  more  definitely 
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about  these  experiences? 

Lindquist,  29  states  that  since  mathematics  arises 
in  all  measurements  it  is  practical  for  all  pupils  to  study  it. 

We  are  not  informed  whether  every  pupil  will  do  some  kind  of 
measuring  in  his  adult  life  which  will  require  him  to  know  some- 
thing about  measurements. 

Kelley,  28  states  that  statistics  is  of  use  to  all 
in  that  it  gives  one  a sound  conception  of  life.  Would  we  not 
feel  better  satisfied  with  this  article  if  the  author  was  able 
to  answer  the  following  questions  fairly:  Does  statistics  give 
a better  conception  of  life  than  any  other  subject  that  pupils 
might  study?  How  has  this  been  proved? 

Thorndike,  53;  Willard,  55;  and  Harap,  21  are  the 
only  educators  who  mentioned  the  practical  value  of  mathematics 
that  have  suggested  that  scientifically  controlled  experiments 
are  a necessity  to  all  educational  investigations.  Such  ex- 
periments permit  one  to  form  unbiased  conclusions.  Thorndike 
claims  that  as  a result  of  scientific  experiments,  it  has  been 
proved  that  the  ability  to  do  algebraic  computations  is  an  in- 
tellectual ability  of  use  to  all.  Willard  and  Harap  believe  that 
we  should  discover  the  natural  interests  of  pupils  by  means  of 
scientific  experiments.  This  having  been  done,  we  should  teach 
what  is  useful. 

The  practical  uses  of  mathematics  should  be  taught 
lLb  agreed  by  all,  but  what  these  are  no  one  has  shown  us.  The 
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writers  of  these  articles,  for  the  most  part,  gave  good  suggestions 
as  to  why  mathematics  should  be  taught,  but  they  were  neglectful 
in  showing  that  their  suggestions  were  true  as  the  result  of  ex- 
perimentation. If  these  educators  would  spend  more  time  giving 
proofs  of  statements,  some  of  the  undue  criticism  of  mathematical 
requirements  might  be  overcome. 

5.  Disciplinary  value. 

Moore,  34;  Barnes,  3;  Painter,  38;  Birch,  6;  Hedrick, 
22;  Cajori,  11;  Minnick,  33;  Dresden,  16;  Lytle.  30;  Steigman,51; 
and  Ryan  47  state  that  the  disciplinary  value  of  mathematics  is 
one  of  the  objectives  in  the  teaching  of  secondary  mathematics. 

Each  of  these  educators  suggests  that  the  training  of  the  mind 
received  from  the  study  of  mathematics  is  of  value,  yet  they  have 
given  us  no  record  of  experiments  that  have  been  carried  on  by 
them  or  others  to  show  such  results. 

Moore,  34;  Barnes,  3;  Hedrick,  22;  Lytle,  30,  and 
Ryan,  47  stress  the  value  of  mathematics  in  training  one  to  do 
deductive  reasoning  and  reflective  thinking.  They  have  been  very 
lavish  in  their  statements  of  such  abilities,  but  have  not  shown 
us  what  makes  them  arrive  at  such  conclusions.  No  one  of  them  has 
shown  us  that  his  statement  was  the  result  of  experimentation  nor 
that  anyone  else  had  performed  any  experiments  which  would  lead 
one  to  draw  such  conclusions.  There  have  been  experiments  which 
show  that  there  is  transfer  of  training,  but  these  educators  have  not 
made  use  of  them  in  their  articles. 
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Painter,  38  believes  that  mental  discipline  is  "the 
greatest  thing  in  all  education,  the  mastery  of  the  use  of  our 
minds."  He  is  very  sure  that  mathematics  is  the’ means  of  obtaining 
this  "mastery"  Painter  does  not  tell  us  how  he  reached  such  a 
conclusion,  but  we  are  lead  to  believe  that  it  is  just  a strong 
personal  predjuice  for  disciplinary  training  by  means  of  mathematics. 

Birch,  6 advocates  the  teaching  of  algebra  to  establish 
good  habits  of  thought  and  methods  of  study.  Birch  has  not  shown 
whether  algebra  does  help  to  establish  good  habits  of  thought  and 
methods  of  study  better  than  any  other  subject  which  might  be  studied. 
In  fact,  experiments  vrtiich  Birch  does  not  mention,  show  that  such 
is  not  the  case. 

Cajori,  11  quotes  some  Greek  philosophers  as  Plato 
and  Ai?etotle  to  lay  claim  to  the  disciplinary  value  obtained  by 
having  pupils  study  mathematics.  Perhaps  methods  and  modes  of 
living  have  changed  since  the  time  of  these  great  philosophers  which 
would  make  disciplinary  ideals  of  much  less  importance  than  they 
seemed  in  ancient  times. 

Minnick,  33  does  not  advocate  the  teaching  of  math- 
ematics alone,  but  if  we  can  establish  the  teaching  of  mathematics 
on  some  other  basis,  believes  that  v;e  should  obtain  all  the 
discipline  that  we  can  from  it.  Perhaps  Minnick  has,  a good  attitude 
for  if  we  can  say  that  any  subject  should  be  taught  for  some  valid 
reason,  it,  surely,  would  do  no  harm  in  obtaining  disciplinary 
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Dresden,  16  believes  that  mathematics  has  the  power 
to  apoly  abstract  general  principles  to  definite  concrete  situations. 
He  has  not  shown  any  proof  of  his  statement,  but  it  probably  holds 
true  for  similar  situations.  Does  one  meet  such  situations  often 
in  life  experiences? 

Steigman,  51  states  that  the  only  reason  that  second- 
ary mathematics  is  taught  is  to  give  pupils  mental  gymnastics. 
Believing  that  this  is  wrong,  he  suggests  that  we  endeavor  to  find 
something  else  to  take  its  place  in  the  curriculum. 

Of  the  eleven  articles  that  mentioned  the  disciplinary 
value  of  mathematics  only  one  thought  this  was  not  a valid  aim. 

My  criticism  of  these  articles,  as  a 7/hole,  v/ould  be  that  the 
authors  have  not  stated  y/hether  or  not  they  have  based  their 
statements  upon  experimentation  or  personal  opinions. 

4.  Cultural  value. 

Moore,  34;  Fletcher,  19;  "'illiams,  56;  Kane,  26; 
Minnick,  33;  Kelley,  28;  Howard,  24;  and  Ryan,  47  state  that  one 
of  the  objectives  in  the  teaching  of  secondary  mathematics  should 
be  its  cultural  value. 

Minnick,  33;  Moore,  34;  Kane,  26;  and  Ryan,  47  believe 
that  mathematics  aids  in  giving  culture  to  all  individuals  that 
study  it.  This,  they  believe,  is  a result  of  the  fact  that  math- 
ematics has  been  an  important  factor  in  the  advancement  of  society. 

It  seems  to  me  that  we  need  to  prove  whether  mathematics  has  more 
culture  value  than  some  other  subject. 
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Fletcher,  19  believes  that  plane  geometry  gives  one 
an  appreciation  of  the  broader  concepts  of  space  relations. 

Kelley,  28  believes  that  statistics  gives  pupils  a broader  conception 
of  life.  Just  how  these  two  authors  arrived  at  these  conclusions, 
they  do  not  state  in  their  articles. 

Williams,  56  believes  that  the  studying  of  mathematics 
satisfies  man's  desire  for  perfection  and  his  love  of  beauty. 

This  is  another  belief  without  proof. 

Howard,  24  quotes  some  Greek  philosphers  as  Plato  to 
show  that  they  believed  that  mathematics  aided  the  development  of 
culture.  Without  doubt  mathematics  has  aided  the  cultural  develop- 
ment of  civilization,  but  has  it  helped  individual  pupils  to 
acquire  more  culture  than  any  other  subject? 

As  in  the  other  values  of  mathematics,  these  educators 
who  believe  in  the  cultural  value  of  mathematics  have  done  nothing 
to  prove  their  beliefs.  Here  is  a chance,  in  fact  a need,  for 
educational  experimentation. 

5.  Civic  value. 

Bode,  8;  and  Adams,  1 believe  that  one  of  the  values 
of  the  teaching  of  secondary  mathematics  is  its  civic  value.  Bode 
and  Adams  state  that  since  a good  citizen  needs  mathematics  to 
earn  a living,  mathematics  is  a necessity  to  all  pupils. 

These  two  educators  might  have  shown  us  just  what 
orocesses  of  mathematics  are  a necessity  to  the  average  citizen. 
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If  this  had  been  done,  we  probably  would  feel  more  inclined  to 
accept  their  suggestions  without  question. 

6.  General  Articles. 

The  articles  of  the  following  authors  did  not  state 
anything  pertaining  to  the  objectives  in  the  teaching  of  secondary 
mathematics;  Smith,  50;  Price,  42;  Beeson.  4;  Coit,  12;  Cowley,  13; 
Fenneman,  18;  Goff,  20;  Hoefer,  23;  Karpinski , 27;  Me  Adie,  31; 
Merrill,  32;  Powers,  41;  Proctor,  43;  Spencer,  49;  Stetson,  52; 
Wood.  57;  Ingels.  25;  Osburn,  37;  and  Bigelow,  5. 

7.  Conclusion. 

These  articles  that  I have  reviev/ed  have  been  very 
interesting  to  me.  The  criticism  I would  make  of  them  is  that 
the  educators  who  have  written  these  articles  have  not  stated  in 
most  cases  whether  their  beliefs  are  the  results  of  experimentation 
or  whether  they  were  just  personal  opinions. 
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IV.  Conclusion 


The  world  in  which  we  live  is  incurably  mathematical.  Every 
human  being  is  born  into  a physical  universe  in  which  quantity, 
shape,  and  size  play  an  indispensable  role.  The  geometric  principles 
of  equality,  symmetry,  congruence,  and  similarity  are  implanted 
in  the  very  nature  of  things.  It  is  apparent,  for  example,  that 
we  cannot  make  or  manufacture  the  simplest  article  without  giving 
attention  to  its  form,  its  dimensions,  and  the  prooer  relation  of 
its  parts  . The  art  of  measurement  permeates  the  fabric  of  modern 
civilization  at  every  point.  It  underlies  all  applied  work  in 
engineering,  technology,  and  manufacturing.  Without  measurement 
and  computation  the  world  of  science  would  cease.  Algebra  furnishes 
economical  methods  and  formulas  for  many  of  these  computations. 
Trigonometry,  being  essentially  the  art  of  indirect  measurement, 
forms  the  necessary  background  for  the  making  of  maps  and  survey 
plans  of  all  sorts.  It  underlies  the  art  of  navigation.  Our 
entire  civilization,  our  sciences,  our  modes  of  thinking,  have 
a mathematical  core.  All  this  may  be  true.  Yet,  is  it  necessary 
for  all  individuals  to  become  mathematicians? 

The  objectives  in  the  teaching  of  mathematics  must  become 
more  specific  objectives  than  they  are  at  present.  If  we  write 
that  a specific  subject  has  practical,  disciplinary , or  cultural 
value,  we  are  not  making  it  clear  to  the  reader  what  we  mean 
for  we  have  not  informed  him  in  just  what  way  such  results  are 
accomplished.  We  must  be  able  to  write  that  as  a result  of  scientific 
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experimentation,  it  has  been  found  teaching  a certain  topic  to 
pupils  has  accomplished  some  definite  result  that  has  been  proved 
to  be  a social  or  educational  need.  In  so  doing,  the  interest 
and  capacity  of  each  individual  must  be  considered.  For  some 
people,  it  satisfies  a social  need--the  worthy  use  of  liesure-- 
to  be  able  to  interpret  graphs,  but  for  others  such  knowledge 
is  not  only  useless,  but  beyond  their  comprehension.  Accordingly, 
the  objectives  in  the  teaching  of  mathematics  must  become  more 
soecific  objectives  as  the  result  of  experimentation. 

If  we  make  our  objectives  specific,  we  shall  not  be  teaching 
the  same  subject  matter  to  all  groups.  We  must  determine  the 
interests,  capacities,  and  needs  of  each  group  before  we  can 
decide  what  we  should  teach  and  by  what  method.  If  we  had  two 
groups  of  ninth  grade  pupils,  one  group  planning  to  take  up  some 
work  as  engineering,  and  the  other  group  planning  to  enter  the 
business  world  as  salesmen  or  clerks;  we  should  have  to  determine 
the  needs  of  each  of  these  groups  for  mathematics.  The  first 
group  must  know  considerable  more  advanced  mathematics  than  the 
second  group,  yet  both  groups  could  very  well  profit  by  a year 
of  mathematics  in  the  ninth  grade. 

The  difficulty  with  the  objectives  that  are  usually  given 
for  the  teaching  of  mathematics  at  the  present  time  is  the  view- 
point of  the  maker  of  the  objectives.  As  a rule,  the  objectives 
have  been  drawn  up  by  a group  of  mathematics  teachers  who  were 
perhaps  more  interested  in  the  subject  matter  than  the  pupils. 
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If  such  has  been  the  case,  the  viewpoint  of  the  maker  of  the 
objectives  has  been  limited  to  subject  content  rather  than  to 
social  and  educational  needs.  Today,  with  the  increased  interest 
of  most  teachers  in  the  needs  of  the  pupils,  this  narrowness  of 
vision  is  becoming  less.  Truly,  we  can  say  that  a worthy  reform 
of  the  objectives  in  the  teaching  of  mathematics  is  at  hand. 

But,  we  must  not  expect  perfection  at  once. 


V.  Summary. 

Because  of  the  great  increase  in  numbers  in  the  high 
school  today  over  the  numbers  of  thirty  years  ago,  it  is  necessary 
to  give  more  time  and  consideration  to  the  courses  that  are  to 
be  offered  within  the  schools.  With  this  in  mind,  I have 
endeavored  to  find  what  the  leading  educational  writers  have 
given  as  their  objectives  in  the  teaching  of  secondary  mathematics, 
I have  read  magazine  articles  by  fifty  authors  and  The  Report 
of  the  National  Committee  on  the  Reorganization  of  Mathematics. 

I have  included  within  this  thesis  a summary  of  these  readings. 
Then,  I have  discussed  the  objectives  suggested  by  them  some- 
what in  detail. and  critically. 
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